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(54) Fuel cell system 

(57) The present invention is carried out to improve 
the starting capability of a fuel cell at low temperatures. 
The fuel cell system comprises a fuel cell 1 which gen- 
erate electric power by supplying hydrogen gas and a 
oxidant gas, a hydrogen gas passage 10 for supplying 
hydrogen to the fuel cell 1 , a hydrogen off gas circulation 
passage 20 for returning the hydrogen off gas to the hy- 



drogen supply flow path 1 0, a hydrogen pump 7 provid- 
ed at the hydrogen gas off gas circulation passage 20 
for boosting the hydrogen off gas, a hydrogen off gas 
bypass passage 22 for returning the hydrogen off gas 
to the hydrogen supply flow path 1 0, an ejector 6 for 
sending hydrogen off gas In the hydrogen off gas bypass 
passage 20 provided in the hydrogen gas supply flow 
path 10 to the hydrogen supply flow path 10. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 

[0001 ] Priority is claimed to Japanese application No. 
2002-314148, filed October 29, 2002, which is incorpo- 
rated herein by reference. 

Field of the Invention 

[0002] This invention relates to a fuel cell system for 
use in fuel cell vehicles and the like. 

Description of the Related Art 

[0003] Because fuel cells which generate power by 
using hydrogen gas and an oxidizing gas as reaction 
gases produce water as well as power, an even larger 
consumption amount of hydrogen gas and oxidizing gas 
than is necessary for power generation is supplied in 
order to discharge this produced water from inside the 
fuel cell. 

[0004] Accordingly, there is non-reacted hydrogen 
gas contained in the anode off gas discharged from the 
anode of the fuel cell (hereunder referred to as hydrogen 
off gas), and since this Is emitted in this state, fuel con- 
sumption deteriorates. Therefore, in orderto improve fu- 
el consumption, a fuel cell system has been devised in 
which this hydrogen off gas is positively circulated using 
a device for raising the pressure, such as a hydrogen 
pump or the like, and mixed with fresh hydrogen gas 
and again supplied to the fuel cell, as shown, for exam- 
ple, Japanese Unexamined Patent Application, First Ap- 
plication No. 58-30075. Hereunder, a fuel cell system 
that circulates and reuses fuel in this way will be referred 
to as a circulation-type fuel cell system. 
[0005] However, in the case of a solid polymer elec- 
trolyte membrane-type fuel cell, because the electrolytic 
conductivity is reduced and the power output decreases 
when the solid polymer electrolyte membrane dries out, 
it is necessary to maintain the solid polymer electrolyte 
membrane at a predetermined moistness in order to 
maintain a favorable power generating performance. 
Therefore, in solid polymer electrolyte membrane-type 
fuel cells, there are cases in which moistened hydrogen 
gas is supplied to the fuel cell, as shown, for example, 
Japanese Unexamined Patent Application, First Appli- 
cation No. 7-240220. 

[0006] In the case of this fuel cell, the hydrogen off 
gas discharged from the fuel cell also contains moisture. 
Because of that, in the circulation-type fuel cell system 
provided with this solid polymer electrolyte membrane- 
type fuel cell, the hydrogen off gas containing moisture 
is circulated by the hydrogen pump or the like. 
[0007] However, in the above circulation-type fuel cell 
system provided with this solid polymer electrolyte 



membrane-type fuel cell, there is concern that when the 
fuel cell system is stopped in a below-freezing environ- 
ment, water content within the hydrogen pump freezes, 
so that it becomes difficult to start the hydrogen pump, 

5 and the discharge amount is reduced. When this hap- 
pens, the amount of circulating hydrogen off gas is re- 
duced when starting up at low temperatures, and as a 
result, there is concern that the amount of hydrogen sup- 
plied to the fuel cell is reduced, thus making stabilized 

10 startup of the fuel cell system difficult. 

[0008] Furthermore, freezing of the hydrogen pump is 
not limited to the case where moistened hydrogen gas 
is supplied to the fuel cell, and may also occur in a cir- 
culation-type fuel cell system which does not actively 

15 moisten the hydrogen gas supplied to the fuel cell. That 
is because water is produced as well as power in fuel 
cells similar to the above, and this produced water is 
discharged together with the hydrogen off gas. 
[0009] Also, in the case where the hydrogen pump is 

20 unable to drive for reasons other than freezing, and the 
discharge amount is reduced, the same difficulties arise. 

SUMMARY OF THE INVENTION 

25 [0010] This invention provides a fuel cell system with 
excellent startup performance at low temperatures, in 
which hydrogen off gas can be circulated even when the 
hydrogen pump is unable to drive due to freezing and 
so on. 

30 [0011] To solve the aforementioned problems, a first 
aspect of the invention is a fuel cell system comprising: 
a fuel cell (for example the fuel cell 1 in the later men- 
tioned embodiment) which is supplied with hydrogen 
gas and an oxidizing gas to generate power; a hydrogen 
35 gas supply flow path (for example the hydrogen gas sup- 
pry flow path 10 in the later mentioned embodiment) 
which supplies hydrogen gas to the fuel cell; a hydrogen 
off gas circulation path (for example the hydrogen off 
gas circulation path 20 in the later mentioned embodi- 
40 ment) which returns hydrogen off gas discharged from 
the fuel cell to the hydrogen gas supply flow path; a hy- 
drogen pump (for example the hydrogen pump 7 in the 
later mentioned embodiment) provided in the hydrogen 
off gas circulation path to raise the pressure of the hy- 
45 drogen off gas; a hydrogen off gas bypass flow path (for 
example the hydrogen off gas bypass flow path 22 in 
the later mentioned embodiment) which bypasses the 
hydrogen pump to return the hydrogen off gas to the hy- 
drogen gas supply flow path; and an ejector (for exam- 
50 pie the ejector 6 in the later mentioned embodiment) 
provided in the hydrogen gas supply flow path which 
feeds hydrogen off gas from the hydrogen off gas by- 
pass flow path to the hydrogen gas supply flow path. 
[0012] By having such a construction, when the hy- 
55 drogen pump is driving normally, the hydrogen off gas 
can be returned to the hydrogen gas supply flow path 
via the hydrogen off gas circulation path. Moreover, 
when the amount of circulating hydrogen off gas flowing 
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through the hydrogen off gas circulation path is insuffi- 
cient due to malfunctioning and so on of the hydrogen 
pump, the hydrogen off gas can be returned to the hy- 
drogen gas supply flow path via the hydrogen off gas 
bypass flow path, by the ejector. Therefore the hydrogen 
off gas can be reliably circulated. 
[0013] A second aspect of the invention is that in the 
first aspect of the invention, a reverse flow prevention 
device (for example the isolation valve 23, or check 
valve 24 in the later mentioned embodiments) is provid- 
ed in the hydrogen off gas bypass flow path to prevent 
reverse flow of the hydrogen off gas. 
[0014] By having such a construction, when the hy- 
drogen pump is driving normally, the hydrogen off gas 
which has been raised in pressure by the hydrogen 
pump can be prevented from flowing through the hydro- 
gen off gas bypass flow path, and the full amount of hy- 
drogen off gas can be circulated. 
[001 5] A third aspect of the invention is that in the first 
or second aspects of the invention, the hydrogen off gas 
circulation path and the hydrogen off gas bypass flow 
path are connected to a suction side of the ejector. 
[001 6] By having such a construction, it becomes pos- 
sible to simplify the flow path construction. 
[0017] A fourth aspect of the invention is that in the 
second or third aspects of the invention, the reverse flow 
prevention device is an isolation valve (for example the 
isolation valve 23 in the later mentioned embodiment) 
which is controlled depending on a driving state of the 
hydrogen pump. 

[0018] By having such a construction, by controlling 
the isolation valve to a closed state when the hydrogen 
pump is being driven normally, the hydrogen off gas is 
prevented from flowing through the hydrogen off gas by- 
pass flow path, so that the full amount of hydrogen off 
gas can be circulated by the hydrogen pump, and by 
controlling the isolation valve to an open state when the 
hydrogen pump is malfunctioning or disabled, the hy- 
drogen off gas can be circulated via the hydrogen off 
gas bypass flow path and the ejector. 
[0019] A fifth aspect of the invention is that in the 
fourth aspect of the invention, the isolation valve is con- 
trolled to a closed state when a rotation speed of the 
hydrogen pump exceeds a predetermined rotation 
speed, and is controlled to an open state when the ro- 
tation speed of the hydrogen pump is lower than the pre- 
determined rotation speed. 

[0020] By having such a construction, by determining 
that the hydrogen pump is driving normally when the ro- 
tation speed of the hydrogen pump exceeds the prede- 
termined rotation speed, and controlling the isolation 
valve to a closed state, the hydrogen off gas is prevent- 
ed from flowing through the hydrogen off gas bypass 
flow path, so that the full amount of hydrogen off gas 
can be circulated by the hydrogen pump. Also, by de- 
termining that the hydrogen pump is malfunctioning or 
disabled when the rotation speed of the hydrogen pump 
is lower than the predetermined rotation speed, and 



controlling the isolation valve to an open state, the hy- 
drogen off gas can be circulated via the hydrogen off 
gas bypass flow path and the ejector. 
[0021 ] A sixth aspect of the invention is that in the sec- 
5 ond or third aspects of the invention, the reverse flow 
prevention device is an isolation valve which is control- 
led to a closed state when an outside air temperature 
exceeds a predetermined temperature, and is controlled 
to an open state when the outside air temperature is low- 
10 er than the predetermined temperature. 

[0022] By having such a construction, because there 
is no concern that the hydrogen pump is freezing when 
the outside air temperature exceeds the predetermined 
temperature, by controlling the isolation valve to a 
is closed state at this time, the hydrogen off gas is prevent- 
ed from flowing through the hydrogen off gas bypass 
flow path, thus enabling the full amount of hydrogen off 
gas to be circulated by the hydrogen pump. Also, be- 
cause there is concern that the hydrogen pump may 
freeze when the outside air temperature is lower than 
the predetermined temperature, by controlling the iso- 
lation valve to an open state at this time, the hydrogen 
off gas can be circulated via the hydrogen off gas bypass 
flow path and the ejector. 

[0023] A seventh aspect of the invention is that in the 
second or third aspects of the invention, the reverse flow 
prevention device is a check valve (for example the 
check valve 24 in the later mentioned embodiment) 
which allows the hydrogen off gas to flow along the hy- 
drogen off gas bypass flow path in a direction flowing 
into the ejector, and prevents flow in the reverse direc- 
tion thereof. 

[0024] By having such a construction, because the 
check valve opens and closes by mechanically sensing 
an increase in the pathway obstruction and suction re- 
sistance, when the hydrogen pump is being driven nor- 
mally, with no electric control, the hydrogen off gas is 
prevented from flowing through the hydrogen off gas by- 
pass flow path, enabling the full amount of hydrogen off 
gas to be circulated by the hydrogen pump. Moreover, 
when the amount of circulating hydrogen off gas flowing 
through the hydrogen off gas circulation path due to the 
hydrogen pump malfunctioning (including being disa- 
bled) is insufficient, the hydrogen off gas can be circu- 
lated via the hydrogen off gas bypass flow path and the 
ejector. 

BRIEF DESCRIPTION OF THE DRAWINGS 



so [0025] 

FIG. 1 is a schematic diagram of a first embodiment 
of a fuel cell system according to this invention. 
FIG. 2 is a schematic diagram of a second embod- 
55 iment of a fuel cell system according to this inven- 
tion. 

FIG . 3 is a schematic diagram of a third embodiment 
of a fuel cell system according to this invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0026] Hereunder, embodiments of a fuel cell system 
according to the present invention will be described with 
reference to FIG. 1 through FIG. 3. Here, each of the 
embodiments described below is an aspect of a fuel cell 
system for installation in fuel cell vehicles. 

First Embodiment 

[0027] Initially, a first embodiment of a fuel cell system 
according to this invention will be described with refer- 
ence to FIG. 1. 

[0028] FIG. 1 is a schematic block diagram of a fuel 
cell system according to the first embodiment. 
[0029] A fuel cell 1 is made from a stack comprising 
multiple laminated cells, formed by inserting a solid pol- 
ymer electrolyte membrane, made for example from a 
solid polymer ion exchange membrane, in between an 
anode and a cathode. When hydrogen gas is supplied 
to the anode as fuel, and air containing oxygen is sup- 
plied to the cathode as an oxidizing agent, the hydrogen 
ions generated by a catalytic reaction at the anode mi- 
grate to the cathode via the solid polymer electrolyte 
membrane, to generate power by causing an electro- 
chemical reaction with the oxygen at the cathode, and 
water is produced. Furthermore, because part of the wa- 
ter produced on the cathode side diffuses back to the 
anode side via the solid polymer electrolyte membrane, 
there is also water produced on the anode side. 
[0030] The air is raised to a predetermined pressure 
by a compressor 2, and supplied to the cathode of the 
fuel cell 1 . After this air has been used to generate pow- 
er, it is discharged from the cathode of the fuel cell 1 as 
air discharge gas, and discharged via a pressure control 
valve 3. 

[0031] On the other hand, the hydrogen gas supplied 
from a high pressure hydrogen tank 4 passes along a 
hydrogen gas supply flow path 10 provided with a pres- 
sure control valve 5 and an ejector 6, and is supplied to 
the anode of the fuel cell 1 having been reduced to a 
predetermined pressure by the pressure control valve 5. 
[0032] After the hydrogen gas supplied to the fuel cell 
1 has been used to generate power, non-reacted hydro- 
gen gas is discharged from the anode of the fuel cell 1 
as hydrogen off gas by a hydrogen off gas circulation 
path 20. The hydrogen off gas circulation path 20 is con- 
nected to a suction side of the ejector 6, and a hydrogen 
pump 7 and a check valve 21 are provided partway 
along the hydrogen off gas circulation path 20. The hy- 
drogen pump 7 raises the pressure of the hydrogen off 
gas discharged from the cathode of the fuel cell 1 , so 
that this flows into the ejector 6 through the check valve 
21 . As a result, the hydrogen off gas is mixed with fresh 
hydrogen gas supplied from the high pressure hydrogen 
tank 4 so as to be supplied to the anode of the fuel cell 
1 a second time. 

[0033] Also, a hydrogen off gas bypass flow path 22 



that bypasses the hydrogen pump 7 and the check valve 
21 is connected to the hydrogen off gas circulation path 
20. 

[0034] In a fuel cell system constructed in this way, 
5 when the hydrogen pump 7 is driving normally, as de- 
scribed above, the hydrogen off gas discharged from the 
anode of the fuel cell 1 is raised in pressure by the hy- 
drogen pump 7 partway along the hydrogen off gas cir- 
culation path 20, flows into the ejector 6 through the 
10 check valve 21 , and is mixed with fresh hydrogen gas 
supplied from the high pressure hydrogen tank 4 so as 
to be supplied to the anode of the fuel cell 1 a second 
time via the hydrogen gas supply flow path 10. This is 
the circulation path of the hydrogen off gas when the 
is hydrogen pump 7 is driving normally, and hereunder this 
path will be referred to as a "normal circulation path". 
[0035] However, when the hydrogen pump 7 cannot 
drive due to freezing and the like, and when even if the 
hydrogen pump 7 is driving, the amount of hydrogen gas 
flowing by means of the normal circulation path is very 
low, the hydrogen off gas within the hydrogen off gas 
circulation path 20 in the vicinity of the ejector 6 is drawn 
in by the negative pressure created when the fresh hy- 
drogen gas delivered from the high pressure hydrogen 
tank 4 flows through the ejector 6. As a result, the hy- 
drogen off gas discharged from the anode of the fuel cell 
1 into the hydrogen off gas circulation path 20 passes 
along the hydrogen off gas bypass flow path 22 and then 
passes along the hydrogen off gas circulation path 20 
downstream from the check valve 21 , and is drawn in to 
the ejector 6 and mixed with fresh hydrogen gas sup- 
plied from the high pressure hydrogen tank 4, so as to 
be supplied to the anode of the fuel celt 1 a second time 
through the hydrogen gas supply flow path 10. Hereun- 
der this path will be referred to as an "abnormal circula- 
tion path". At this time, the ejector 6 feeds the hydrogen 
off gas from the hydrogen off gas bypass flow path 22 
into the hydrogen gas supply flow path 6. 
[0036] Accordingly, even when the hydrogen pump 7 
is unable to drive due to freezing and there is a reduced 
amount of flow, or when the hydrogen pump 7 is mal- 
functioning due to reasons other than freezing, or when 
even if the hydrogen pump 7 is able to drive normally, 
the flow path in the vicinity of the check valve 21 and the 
hydrogen pump 7 is blocked, and so on, the hydrogen 
off gas can be reliably circulated at a predetermined flow 
rate. As a result, even in these kinds of situations, the 
hydrogen can be supplied to the fuel cell 1 in a stabilized 
condition, and the fuel cell system can be driven in a 
stabilized condition. 

[0037] In particular, because the fuel ceil system can 
be driven in a stabilized condition when starting up at 
low temperatures, the startup performance of the fuel 
cell vehicle is improved, thereby increasing conven- 
ience. 

[0038] In this embodiment, the part of the hydrogen 
off gas circulation path 20 which connects the check 
valve 21 and the ejector 6 can be considered as part of 
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the hydrogen off gas bypass flow path 22, because hy- 
drogen off gas flows therethrough at abnormal times. 
Hence It can be said that the hydrogen off gas circulation 
path 20 and the hydrogen off gas bypass flow path 22 
are connected to the suction side of the ejector 6. As a 
result, the construction of the flow path can be simplified, 
and the fuel cell system can be made small and light- 
weight. 

[0039] However, depending on the flow path resist- 
ance of the hydrogen gas bypass flow path 22, when 
the hydrogen off gas is circulating through the normal 
circulation path, a part of the hydrogen off gas which the 
hydrogen pump 7 has raised in pressure passes through 
the hydrogen off gas bypass flow path 22 to return to 
the suction side of the hydrogen pump 7, without flowing 
towards the hydrogen gas supply flow path 10. When 
this happens, there is concern that it may become im- 
possible to circulate the hydrogen off gas at the desired 
flow rate. 

[0040] Accordingly, it is preferable to provide a re- 
verse flow prevention device in the hydrogen off gas by- 
pass flow path 22, which prevents the hydrogen off gas 
which the hydrogen pump 7 has raised in pressure at 
normal times from passing through the hydrogen off gas 
bypass flow path 22 to return to the suction side of the 
hydrogen pump 7. 

[0041] The embodiments described hereunder have 
a reverse flow prevention device provided in the hydro- 
gen off gas bypass flow path 22. 

Second Embodiment 

[0042] Next, a second embodiment of a fuel cell sys- 
tem according to this invention will be described with ref- 
erence to FIG. 2. The only point in which the embodi- 
ment of the fuel cell system in FIG. 2 differs to that of 
the first embodiment is that an isolation valve 23 is pro- 
vided in the hydrogen off gas bypass flow path 22 as a 
reverse flow prevention device. 

[0043] Other construction is the same as the first em- 
bodiment, and hence similar parts are denoted by the 
same reference symbols, and description is omitted. 
[0044] Opening and closing of the isolation valve 23 
is controlled by an electrical control unit (ECU) 50. 
[0045] It is possible to control the isolation valve 23 
depending on the driving state of the hydrogen pump 7. 
As one example of control in such a situation, the rota- 
tion speed of the hydrogen pump 7 is detected by a 
pump rotation speed sensor 51 , and when the detected 
pump rotation speed exceeds a predetermined rotation 
speed N, it is determined that the hydrogen pump 7 is 
driving normally, and the isolation valve 23 is controlled 
to a closed state, while when the pump rotation speed 
is less than the predetermined rotation speed N, it is de- 
termined that the hydrogen pump 7 is malfunctioning, 
and the isolation valve 23 is controlled to an open state. 
[0046] When the isolation valve 23 is controlled in this 
way,. if the hydrogen pump 7 is driving normally, the iso- 



lation valve 23 can be closed, so that the hydrogen off 
gas can be prevented from flowing along the hydrogen 
off gas bypass flow path 22, and the full amount of hy- 
drogen off gas can be circulated by the hydrogen pump 

5 7. Also, when the drive of the hydrogen pump 7 is mal- 
functioning (including being disabled) the isolation valve 
23 can be opened, so that the hydrogen off gas can be 
circulated via the hydrogen off gas bypass flow path 22 
and the ejector 6. 

10 [0047] Accordingly, it becomes possible for the hydro- 
gen to be again stabilized and supplied to the fuel cell 
1 , so that the fuel cell system is again stabilized to en- 
able driving. 

[0048] Furthermore, it is also possible to control the 
is Isolation valve 23 depending on the outside air temper- 
ature. As one example of control in such a situation, 
when the outside air temperature detected by an outside 
air temperature sensor 52 exceeds a predetermined 
temperature T, it is determined that the hydrogen pump 
7 is driving normally without the hydrogen pump 7 freez- 
ing, and the isolation valve 23 is controlled to a closed 
state, while when the outside air temperature is lower 
than the predetermined temperature T, it is determined 
that there is a likelihood that the hydrogen pump 7 is 
freezing, and the isolation valve 23 is controlled to an 
open state. 

[0049] When the isolation valve 23 is controlled in this 
way, if there is no likelihood that the hydrogen pump 7 
is freezing due to the outside air temperature exceeding 
the predetermined temperature, the isolation valve 23 
can be closed, so that the hydrogen off gas can be pre- 
vented from flowing along the hydrogen off gas bypass 
flow path 22, and the full amount of hydrogen off gas 
can be circulated by the hydrogen pump 7. Also, when 
there is concern that the hydrogen pump 7 is freezing 
due to the outside air temperature being lower than the 
predetermined temperature, the isolation valve 23 can 
be opened, so that the hydrogen off gas can be circu- 
lated via the hydrogen off gas bypass flow path 22 and 
the ejector 6. 

[0050] Accordingly, it becomes possible for the hydro- 
gen to be again stabilized and supplied to the fuel cell 
1 , and the fuel cell system is again stabilized to enable 
driving. This embodiment particularly improves the star- 
tup performance of the fuel cell system at low tempera- 
tures. 

[0051] Also, in the second embodiment, because the 
hydrogen off gas bypass flow path 22 is provided so as 
to bypass the check valve 21 , when the hydrogen off 
gas flows through the circulation path at abnormal times, 
it can flow into the ejector 6 without passing through the 
check valve 21 . As a result, the pressure drop on the 
suction side of the ejector 6 can be reduced enabling an 
increase in the amount of hydrogen off gas being circu- 
lated. 
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Third Embodiment 

[0052] Next, a third embodiment of a fuel cell system 
according to this invention will be described with refer- 
ence to FIG. 3. The only point in which the third embod- 
iment of the fuel cell system differs to that of the first 
embodiment is that a check valve 24 is provided in the 
hydrogen off gas bypass flow path 22 as a reverse flow 
prevention device. For this check valve 24 it is possible 
to use various types of valves such as a reed valve or 
a poppet valve. 

[0053] Other construction is the same as the first em- 
bodiment, and hence similar parts are denoted by the 
same reference symbols, and description is omitted. 
[0054] This check valve 24 allows the hydrogen off 
gas to flow along the hydrogen off gas bypass flow path 
22, from the hydrogen off gas circulation path 20 down- 
stream from the hydrogen pump 7 to the hydrogen off 
gas circulation path 20 upstream from the check valve 
21, and prevents the hydrogen off gas from flowing 
along the hydrogen off gas bypass flow path 22 in the 
reverse direction thereof. In other words, the check 
valve 24 allows the hydrogen off gas to flow along the 
hydrogen off gas bypass flow path 22 in a direction flow- 
ing into the ejector 6, and prevents flow in the reverse 
direction thereof. 

[0055] When the check valve 24 is provided in the hy- 
drogen off gas bypass flow path 22 rn this way, because 
the check valve 24 opens and closes by mechanically 
sensing an increase in pathway obstruction and suction 
resistance, there is no electric control as in the second 
embodiment, and when the hydrogen pump 7 is driving 
normally, the check valve 24 is able to prevent the hy- 
drogen off gas from flowing in reverse along the hydro- 
gen off gas bypass flow path 22, so that the full amount 
of hydrogen off gas can be circulated by the hydrogen 
pump 7. Also, when the amount of hydrogen off gas cir- 
culating through the circulation path at normal times is 
insufficient due to drive malfunction of the hydrogen 
pump 7 (including being disabled), the hydrogen off gas 
can be circulated via the hydrogen off gas bypass flow 
path 22, the check valve 24, and the ejector 6. 
[0056] Accordingly, it becomes possible for the hydro- 
gen to be again stabilized and supplied to the fuel cell 
1 , and the fuel cell system is again stabilized to enable 
driving. Also, electric control becomes unnecessary, en- 
abling the construction of the fuel cell system to be sim- 
plified. 

[0057] Moreover in the third embodiment, in the same 
way as in the second embodiment, because the hydro- 
gen off gas bypass flow path 22 is provided so as to 
bypass the check valve 21, the pressure drop on the 
suction side of the ejector 6 can be reduced, and the 
amount of hydrogen off gas being circulated can be in- 
creased. 

[0058] The case in which the check valve 24 freezes 
is also considered. However because the downstream 
side of the check valve 24 is connected to the suction 



side of the ejector 6, a negative pressure is created on 
the downstream side of the check valve 24. As a result 
a differential pressure is created on the front and rear of 
the check valve 24, and due to this differential pressure 
5 the adhesion caused by freezing of the check valve 24 
can be released. 

Other Embodiments 

[0059] This invention is not limited to the above em- 
bodiments. 

[0060] For example, in each of the above embodi- 
ments, in order to simplify the flow path construction and 
so on, the hydrogen off gas bypass flow path 22 is con- 
's nected to the suction side of the ejector 6 by merging 
with the hydrogen off gas circulation path 20, but it is 
also possible to connect just the hydrogen off gas by- 
pass flow path 22 to the suction side of the ejector 6, 
and to connect the hydrogen off gas circulation path 20 
to the hydrogen gas supply flow path 10 further down- 
stream from the ejector 6. In this case, it is preferable 
to provide an electric control type isolation valve in the 
hydrogen off gas bypass flow path 22 in the same way 
as in the second embodiment, so that the hydrogen off 
gas does not flow along the hydrogen off gas bypass 
flow path 22 at normal times. 

[0061] As described above, according to the first as- 
pect of the invention, when the hydrogen pump is driving 
normally, the hydrogen off gas can be returned to the 
hydrogen gas supply flow path via the hydrogen off gas 
circulation path, and when the amount of circulating hy- 
drogen off gas flowing through the hydrogen off gas cir- 
culation path is insufficient due to malfunctioning and so 
on of the hydrogen pump, the hydrogen off gas can be 
returned to the hydrogen gas supply flow path via the 
hydrogen off gas bypass flow path, by the ejector, and 
the hydrogen off gas can be reliably circulated. Accord- 
ingly, when the hydrogen pump is disabled or malfunc- 
tioning, it becomes possible for the hydrogen to be sta- 
bilized and supplied to the fuel cell, so that the superior 
effect of the drive of the fuel cell system being stabilized 
can be demonstrated. 

[0062] According to the second aspect of the inven- 
tion, when the hydrogen pump is driving normally, the 
hydrogen off gas which has been raised in pressure by 
the hydrogen pump can be prevented from flowing 
through the hydrogen off gas bypass flow path, and the 
full amount of hydrogen off gas can be circulated, so 
that there is the effect that the fuel cell can be driven 
stabilized to a desired output. 

[0063] According to the third aspect of the invention, 
it becomes possible to simplify the flow path construc- 
tion, and there is the effect that a reduction in the size 
and weight of the fuel cell system can be achieved. 
[0064] According to the fourth aspect of the invention, 
by controlling the isolation valve to a closed state when 
the hydrogen pump is being driven normally, the hydro- 
gen off gas is prevented from flowing through the hydro- 
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gen off gas bypass flow path, with the effect that the full 
amount of hydrogen off gas can be circulated by the hy- 
drogen pump, and by controlling the isolation valve to 
an open state when the hydrogen pump is malfunction- 
ing or disabled, there is the effect that the hydrogen off 
gas can be circulated via the hydrogen off gas bypass 
flow path and the ejector. 

[0065] According to the fifth aspect of the invention, 
by determining that the hydrogen pump is driving nor- 
mally when the rotation speed of the hydrogen pump 
exceeds the predetermined rotation speed, and control- 
ling the isolation valve to a closed state, the hydrogen 
off gas is prevented from flowing through the hydrogen 
off gas bypass flow path, with the effect that the full 
amount of hydrogen off gas can be circulated by the hy- 
drogen pump. Also, by determining that the hydrogen 
pump is malfunctioning or disabled when the rotation 
speed of the hydrogen pump is lower than the predeter- 
mined rotation speed, and controlling the isolation valve 
to an open state, there is the effect that the hydrogen 
off gas can be circulated via the hydrogen off gas bypass 
flow path and the ejector. 

[0066] According to the sixth aspect of the invention, 
because there is no concern that the hydrogen pump is 
freezing when the outside air temperature exceeds the 
predetermined temperature, by controlling the isolation 
valve to a closed state at this time, the hydrogen off gas 
is prevented from flowing through the hydrogen off gas 
bypass flow path, thus enabling the full amount of hy- 
drogen off gas to be circulated by the hydrogen pump. 
Also, because there is concern that the hydrogen pump 
may freeze when the outside air temperature is lower 
than the predetermined temperature, by controlling the 
isolation valve to an open state at this time, the hydrogen 
off gas can be circulated via the hydrogen off gas bypass 
flow path and the ejector. As a result, even when the 
hydrogen pump is malfunctioning or disabled due to 
freezing, hydrogen can be stabilized and supplied to the 
fuel celt, and there is the effect that the startup perform- 
ance of the fuel cell system at low temperatures is im- 
proved and stabilized. 

[0067] According to the seventh aspect of the inven- 
tion, because the check valve opens and closes by me- 
chanically sensing an increase in the pathway obstruc- 
tion and suction resistance, when the hydrogen pump 
is being driven normally, with no electric control, the hy- 
drogen off gas is prevented from flowing through the hy- 
drogen off gas bypass flow path, enabling the full 
amount of hydrogen off gas to be circulated by the hy- 
drogen pump. Moreover, when the amount of circulating 
hydrogen off gas flowing through the hydrogen off gas 
circulation path due to the hydrogen pump malfunction- 
ing (including being disabled) is insufficient, the hydro- 
gen off gas can be circulated via the hydrogen off gas 
bypass flow path and the ejector. Therefore there is the 
effect that construction of the fuel cell system can be 
simplified. 

[0068] While preferred embodiments of the invention 



have been described and illustrated above, it should be 
understood that these are exemplary of the invention 
and are not to be considered as limiting. Additions, omis- 
sions, substitutions, and other modifications can be 

5 made without departing from the spirit or scope of the 
present invention. Accordingly, the invention is not to be 
considered as limited by the foregoing description but is 
only limited by the scope of the appended claims. 
[0069] The present invention is carried out to improve 

10 the starting capability of a fuel cell at low temperatures. 
The fuel cell system comprises a fuel cell 1 which gen- 
erate electric power by supplying hydrogen gas and a 
oxidant gas, a hydrogen gas passage 10 for supplying 
hydrogen to the fuel cell 1 , a hydrogen off gas circulation 

is passage 20 for returning the hydrogen off gas to the hy- 
drogen supply flow path 1 0, a hydrogen pump 7 provid- 
ed at the hydrogen gas off gas circulation passage 20 
for boosting the hydrogen off gas, a hydrogen off gas 
bypass passage 22 for returning the hydrogen off gas 

20 to the hydrogen supply flow path 10, an ejector 6 for 
sending hydrogen off gas in the hydrogen off gas bypass 
passage 20 provided in the hydrogen gas supply flow 
path 10 to the hydrogen supply flow path 10. 

25 

Claims 

1 . A fuel cell system comprising; 

30 a fuel cell which generates electric power 

based on hydrogen and a oxidant gas supplied 
from the outside; 

a hydrogen gas supply flow path for supplying 
hydrogen to the fuel cell; 

35 a hydrogen off-gas circulating passage for re- 

turning the hydrogen off gas from said fuel cell 
to said hydrogen gas supply flow path; 
a hydrogen pump for boosting the hydrogen off 
gas mounted in said hydrogen off gas passage; 

40 a hydrogen off gas bypass passage for return- 

ing the hydrogen off gas in the hydrogen off gas 
passage to said hydrogen gas supply flow path ; 
an ejector for sending the hydrogen off gas to 
the hydrogen gas supply flow path. 

45 

2. The fuel cell system according to claim 1 , wherein 
a back pass check device is provided at said hydro- 
gen off gas bypass passage for checking back flow 
of the hydrogen off gas. 

50 

3. The fuel cell system according to claim 1 , wherein 
said hydrogen off gas circulation passage and said 
hydrogen off gas bypass passage are connected to 
the intake side of the ejector. 

55 

4. The fuel system according to claims 2, wherein said 
back flow check device is a check valve, which is 
controlled in response to the driving state of said 
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hydrogen pump. 

5. The fuel system according to claim 4, wherein said 
check valve is controlled so that it is closed when 
the rotation speed of said hydrogen pump exceeds 5 
a predetermined rotation speed, and is controlled 

so that it is opened when the rotation speed of said 
hydrogen pump falls below a predetermined rota- 
tion speed. 

10 

6. The fuel cell system according to claim 2, wherein 
said back flow check device is a check valve, which 
is controlled to be a closed state when the outside 
temperature is above a predetermined temperature 
and which is controlled to be a open state when the *s 
outside temperature is below a predetermined tem- 
perature 

7. The fuel cell system according to claim 2, wherein 
said back flow check device is a check valve , which 20 
allows the hydrogen off gas to flow into said ejector 
from said hydrogen off gas bypass passage, and 
which checks the hydrogen off gas from flowing 
from th ejector to the hydrogen off gas bypass pas- 
sage. 25 



30 



35 



40 



45 



50 



55 



8 



EP 1 416 562 A2 




9 



EP1 416 562 A2 




10 



EP1 416 562 A2 




11 



